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COPPER BASE ALLOY AND METHOD FOR PRODUCING SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention general ly relates to a copper 

base alloy and a method for producing the same. More 
specifically, the invention relates to a copper base alloy 
having an excellent hot workability, which is used as 
the material of electric and electronic parts, such as 

10 connectors, and a method for producing the same. 
Description of the Prior Art 

In recent years, with the development of 
electronics, the complication and integration of 
electric wiring for various machines is advanced to 

15 increase the amount of wrought copper and copper-alloys 
used as the materials of electric and electronic parts, 
such as connectors. In addition, it is required to 
decrease the weight and production costs of electric and 
electronic parts, such as connectors, and it is required 

20 to enhance the reliability thereof. In order to meet 
these requirements, copper alloy materials for 
connectors are thinned and pressed in complicated shapes, 
so that the strength, elasticity, conductivity, bending 
workability and press moldability thereof must be good. 

25 Phosphor bronzes containing tin (Sn) and 

phosphorus (P) in copper (Cu) have excellent 
characteristics, such as excellent spring 

characteristic, workability and press punching quality, 
and are utilized as the materials of many electric and 

30 electronic parts, such as connectors. However, it is 
required to decrease production costs of phosphor bronzes , 
and it is required to improve conductivity thereof. In 
addition, phosphor bronzes have a bad hot workability 
to be easily broken if hot-worked, so that a plate of 

35 a phosphor bronze is usually produced by repeating 
homogenization, cold rolling and annealing of an ingot 
having a thickness of about 10 to 30 mm, which is obtained 



by the horizontal continuous casting. Therefore, the 
improvement of the hot workability of phosphor bronzes 
can greatly contribute to a decrease in production costs 
of phosphor bronzes. As methods for improving the hot 
workability of phosphor bronzes, there have been proposed 
methods for improving the hot workability of phosphor 
bronzes by setting predetermined temperature and working 
conditions during hot working (see, e.g. Japanese Patent 
Laid-Open Nos . 63-35761 and 61-1 30478 ) , and methods for 
improving the hot workability of phosphor bronzes by 
adding iron (Fe), nickel (Ni), cobalt (Co) and manganese 
(Mn) for improving the hot workability and by controlling 
the amount of elements for inhibiting the hot workability 
so that it is a very small amount (see, e.g. Japanese 
Patent Laid-Open No. 2002-275563) . 

In addition, brasses containing zinc (Zn) in 
copper (Cu) have excellent characteristics, such as 
excellent workability and press punching quality and low 
costs, and are utilized as the materials of many electric 
parts, such as connectors. However, it is required to 
further improve the strength, spring characteristic, 
stress relaxation resistance and stress corrosion 
cracking resistance of brasses in order to cope with the 
miniaturization of parts and the deterioration of working 
environments. In such circumstances, there have been 
proposed methods for improving the above described 
■characteristics by adding a predetermined amount of tin 
(Sn) to a Cu-Zn alloy (see, e.g. Japanese Patent Laid-Open 
Nos. 2001-294957 and 2001-303159). 

However, in the above described methods disclosed 
in Japanese Patent Laid-Open Nos. 63-35761, 61-130478 
and 2002-275563, there are many constraints on product ion 
conditions and component elements. Therefore, it is 
required to provide a method capable of decreasing such 
constraints . 

In addition, the above described Cu-Zn-Sn alloys 
disclosed in Japanese Patent Laid-Open Nos. 2001-294957 
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and 2001-303159 are formed as a plate having a 
predetermined thickness usually by a method comprising 
the steps of carrying out the longitudinal continuous 
casting, heating the obtained ingot by a heating furnace, 
5 extending the heated ingot by hot rolling, and thereafter, 
repeating cold rolling and annealing. Although the 
mechanical characteristics, such as tensile strength and 
0.2% proof stress, stress relaxation resistance and 
stress corrosion cracking resistance of Cu-Zn-Sn alloys 

10 can be improved by the addition of Sn, it is desired to 
improve the hot workability thereof. That is, there are 
some cases where Cu-Zn-Sn alloys may be broken during 
hot rolling to deteriorate the surface quality and yields 
of products, so that it is desired to improve the hot 

15 workability of Cu-Zn-Sn alloys. 

One of the reasons why the hot workability is 
deteriorated by adding Sn to Cu or Cu-Zn alloys is that 
the temperature difference between the liquidus and 
solidus lines of copper base alloys. Thus, Sn and Zn 

20 segregate during casting, and phases having low melting 
points remain during solidification. For example, 
phases having low melting points, such as a Cu-Sn epsilon 
phase, a Cu-Zn gamma phase and a phase formed by 
solid-dissolving Cu and/or Zn in an Sn solid solution, 

25 remain in Cu-Zn-Sn alloys. Thus, the remaining second 
phase is dissolved during overheating when hot rolling 
is carried out, so that the hot workability deteriorates . 
Therefore, it is required to provide a copper base alloy 
having a more excellent hot workability. If Sn is added 

30 to a Cu-Zn alloy, the temperature difference between 
solidus and liquidus lines is easy to be greater than 
that when Sn is added to Cu, so that it is desired to 
improve the hot workability. 

In addition, if Mn, Al, Si, Ni, Fe, Cr, Co, Ti, 

35 Bi, Pb, Mg, P, Ca, Y, Sr, Be and/or Zr is added to a Cu-Zn 
alloy or Cu-Sn alloy, it can be expected to improve 
characteristics, such as 0.2% proof stress, tensile 
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strength, spring limit value, stress relaxation 
resistance, stress corrosion cracking resistance and 
dezincing resistance, due to the additional element (s) . 
However, the above described temperature difference 
5 between liquidus and solidus lines (a 
melting/solidification range) increases to deteriorate 
the hot workability, so that it is required to provide 
a copper base alloy capable of being more simply cast 
in good yield. 

10 As an example of a method for preventing the 

production of cracks in a copper base alloy during hot 
rolling, Japanese Patent Laid-Open No. 2001-294957 has 
proposed a methods for preventing the production of hot 
cracks in a Cu-Zn-Sn alloy by restricting composition, 

15 controlling the cooling rate during melting/casting, or 
controlling the maximum temperature during hot rolling. 
However, it is desired to provide a method for more simply 
improving the hot workability of the copper base alloy. 
SUMMARY OF THE INVENTION 

20 It is therefore an object of the present invention 

to eliminate the aforementioned problems and to provide 
a copper base alloy containing at least one of Zn and 
Sn and having an excellent hot workability, and a method 
capable of simply producing the copper alloy. 

25 In order to accomplish the aforementioned and 

other objects, the inventors have diligently studied and 
found that it is possible to greatly improve the hot 
workability of a copper base alloy containing at least 
one of Zn and Sn by causing the copper base alloy to contain 

30 a small amount of carbon. In addition, the inventors 
have found a method for efficiently causing the copper 
base alloy to contain carbon although it is difficult 
to cause the copper alloy to easily contain carbon since 
the degree of solid solution of carbon in copper is usually 

35 small and since the difference in specific gravity between 
carbon and copper is great. 

According to one aspect of the present invention, 
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a copper base alloy comprises at least one of 8 to 45 
wt% of zinc and 0.2 to 12.0 wt% of tin, 20 to 1000 ppm 
of carbon, and the balance being copper and unavoidable 
impurities . 

5 The copper base alloy may further comprise one 

or more elements which are selected from the group 
consisting of 0.01 to 10 . 0 wt% of manganese, 0.01 to 10.0 
wt% of aluminum, 0.01 to 3.0 wt% of silicon, 0.01 to 15.0 
wt% of nickel, 0.01 to 5.0 wt% of iron, 0.01 to 5.0 wt% 

10 of chromium, 0.01 to 2.5 wt% of cobalt, 0.01 to 3.0 wt% 
of titanium, 0.001 to 4.0 wt% of bismuth, 0.05 to 4.0 
wt% of lead, 0.01 to 2.0 wt% of magnesium, 0.01 to 0.5 
wt% of phosphorus, 0.0005 to 0.5 wt% of boron, 0.01 to 
0.1 wt% of calcium, 0.01 to 0.1 wt% of yttrium, 0.01 to 

15 0.1 wt% of strontium, 0.01 to 1.0 wt% of beryllium, 0.01 
to 0.5 wt% of zirconium, 0.1 to 3.0 wt% of niobium, 0.1 
to 3.0 wt% of vanadium, 0.1 to 3.0 wt% of hafnium, 0.1 
to 3 . 0 wt% of molybdenum and 0.1 to 3.0 wt% of tantalum, 
the total amount of the elements being 50 wt% or less. 

20 In the above described copper base alloy, a phase having 
a melting point of 800 °C or less, other than an alpha 
phase, preferably has a volume percentage of 20 % or less . 
Moreover, the difference in temperature between liquidus 
and solidus lines is preferably 30 °C or more. 

25 According to another aspect of the present 

invention, there is provided a method for producing a 
copper base alloy, the method comprising the steps of: 
heating and melting raw materials of a copper base alloy 
containing at least one of 8 to 45 wt% of zinc and 0.2 

30 to 12 . 0 wt % of tin; causing the raw materials of the copper 
base alloy to contain 2 0 to 10 00 ppm of carbon; and cooling 
the raw materials of the copper base alloy. 

In this method for producing a copper base alloy, 
the raw materials of the copper base alloy preferably 

35 contain at least one of carbon absorbed on the surface 
thereof, a mother alloy containing carbon, 20% or more 
of a copper base alloy having a liquidus line temperature 



of 1050 °C or less with respect to the weight of a molten 
metal of the raw materials of the copper base alloy, and 
a material surface-treated with tin. In addition, the 
raw materials of the copper base alloy are preferably 
heated and melted in a vessel which is coated with a solid 
material containing 70 wt% or more of carbon. Moreover, 
a solid deoxidizer having a stronger af finity with oxygen 
than carbon is preferably added when the raw materials 
of the copper base alloy are melt ed . The solid deoxidizer 
is preferably selected from the group consisting of B, 
Ca, Y, P, Al, Si, Mg, Sr and Be, the amount of the. solid 
deoxidizer being 0.005 to 0 . 5 wt% with respect to the 
weight of amoltenmetal of the rawmaterials of the copper 
base alloy. 

In the above described method for producing a 
copper base alloy, the copper base alloy may further 
contain one or more elements which are selected from the 
group consisting of 0.01 to 10.0 wt% of manganese, 0.01 
to 10 . 0 wt% of aluminum, 0 . 01 to 3 . 0 wt % of silicon, 0.01 
to 15.0 wt% of nickel, 0.01 to 5.0 wt% of iron, 0.01 to 
5.0 wt% of chromium, 0.01 to 2.5 wt% of cobalt, 0.01 to 
3.0 wt% of titanium, 0.001 to 4 . 0 wt% of bismuth, 0.05 
to 4.0 wt% of lead, 0.01 to 2.0 wt% of magnesium, 0.01 
to 0.5 wt% of phosphorus, 0.0005 to 0.5 wt% of boron, 
0.01 to 0.1 wt% of calcium, 0.01 to 0.1 wt% of yttrium, 
0.01 to0.1wt%of strontium, 0.01 to 1.0 wt% of beryllium, 
0.01 to 0.5 wt% of zirconium, 0.1 to 3.0 wt% of niobium, 
0.1 to 3.0 wt% of vanadium, 0.1 to 3.0 wt% of hafnium, 
0 . 1 to 3 . 0 wt% of molybdenum and 0 . 1 to 3 . 0 wt% of tantalum, 
the total amount of the elements being 50 wt% or less. 
A phase of the copper base alloy having a melting point 
of 800 °C or less, other than an alpha phase, preferably 
has a volume percentage of 20 % or less. Moreover, the 
difference in temperature between liquidus and solidus 

lines of the copper base alloy is preferably 30 °C or 
more . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In a preferred embodiment of the pre sent invention, 
a copper base alloy contains at least one of 8 to 45 wt% 
of zinc (Zn) and 0.2 to 12 wt% of tin (Sn) , 20 to 1000 
ppm of carbon (C) , and the balance being copper and 
unavoidable impurities. The reasons why the amounts of 
the components of the copper base alloy are thus restricted 
are as follows. 

In the preferred embodiment of the present 
invention, 20 to 1000 ppm of C is the essential element 
contained in the copper base alloy. If an ingot of a 
copper base alloy, such as a Cu-Zn or Cu-Sn alloy, which 
has a large temperature difference between liquidus and 
solidus lines, is hot-rolled, there are some cases where 
hot cracks may be produced in the edge portion (s) or 
surface of the ingot. However, if the copper base alloy 
contains 20 to 100 ppm of C, it is possible to effectively 
inhibit hot cracks from being produced . It is considered 
that the reasons for this are as follows . Since the degree 
of solid solution of C in Cu is small, a simple substance 
of C deposits during casting, or a compound of an 
additional element or impurity C is produced, to function 
as a nucleation cite to decrease the crystal grain size 
of the ingot, or the excessive segregation of Zn and/or 
Sn to the grain boundary is inhibited to make components 
uniform to inhibit the deposition of a second phase having 
a low melting point which has a bad influence on the hot 
workability, so that C segregated in the grain boundary 
during heating promotes recrystallization during hot 
rolling . 

In addition, C caused to be contained in the copper 
base alloy functions as a deoxidizer to have the function 
of removing oxygen in a molten metal . The C in the molten 
metal reacts with O to form a gas component, such as CO 
or C0 2 , to leave the molten metal to have the function 
of deoxidizing the molten metal. If the amount of C is 
less than 20 ppm, these advantageous effects can not be 
obtained. On other hand, if the amount of C exceeds 1000 
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ppm, a large amount of C or carbide of the additional 
element is produced on grain boundaries or in grains to 
deteriorate the hot workability. Therefore, the amount 
of C is preferably in the range of from 20 ppm to 1000 
ppm, and more preferably, in the range of from 25 ppm 
to 5 00 ppm. 

If C is thus caused to be contained in the molten 
metal of the copper base alloy to provide the copper base 
alloy containing C, it is possible to inhibit hot cracks 
from being produced. By this function, even if the 
abrasion of a casing die or unbalanced cooling makes 
casting conditions unstable to easi ly produce hot cracks, 
it is possible to inhibit hot cracks from being produced 
so that it is possible to improve yields. 

By causing the copper base alloy to contain C as 
described above, it is possible to improve the hot 
workability of the copper base alloy. Such an 
advantageous effect can be more remarkably obtained in 
a copper base alloy wherein the temperature difference 
between liquidus and solidus lines (molten temperature 
range) is 30 °C or more, i . e . a copper base alloy wherein 
segregation in solidification is easy to occur during 
casting to easily produce hot cracks. In a material 
having a wide molten temperature range, segregation in 
solidification is easy to proceed during casting, and 
phases having alowmeltingpointareeasyto remain during 
solidification. Therefore, the above described 

advantageous effect can be more remarkably obtained in 
a copper base alloy wherein the temperature difference 
between liquidus and solidus lines is 30 °C or more, and 
can be more effectively obtained in a copper base alloy 
wherein the temperature difference between liquidus and 
solidus lines is 50 °C or more. 

Moreover, by causing the copper base alloy to 
contain a very small amount of C, it is possible to improve 
the stress corrosion cracking resistance and stress 
relaxation resistance of the copper base alloy. It is 
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considered that the reason for this is that C caused to 
be contained in the copper base alloy is segregated in 
the grain boundary to inhibit coarsening and corrosion 
of the grain boundary in a production process, such as 
hot rolling and annealing, after melting and casting. 

If Zn is added to the copper base alloy, the 
strength and spring characteristic of the copper base 
alloy are improved, and migration resistance thereof is 
improved. Since Zn is cheaper than Cu, it is possible 
to reduce material costs by increasing the amount of Zn 
to be added. However, since the stress corrosion 
cracking resistance and corrosion resistance of the 
copper base alloy deteriorate with the increase of Zn 
to be added, it is required to choose the Zn content of 
the copper base alloy in accordance with the use of the 
copper base alloy. Therefore, the Zn content can be 
chosen in the range of from 8.0 to 45 wt% in accordance 
with the use of the copper base alloy. If the copper 
base alloy is used as the material of a spring, the Zn 
content is preferably in the range of from 20 to 45 wt%. 
Because the reinforcement of solid solution due to Zn 
is insufficient if the Zn content is 20 wt% or less and 
because the beta phase excessively deposits to extremely 
deteriorate the cold workability of the copper alloy if 
the Zn content exceeds 45 wt%. 

If Sn is added to the copper base alloy, mechanical 
characteristics, such as 0.2% proof stress, tensile 
strength and spring limit value, of the copper base alloy 
are improved. The copper base alloy preferably contains 
Sn from the point of view of recycling of the material, 
the surface of which is treated with Sn. However, if 
the Sn content of the copper base alloy increases, the 
conductivity of the copper base alloy does not only 
deteriorates, but hot cracks are also easily produced 
in the copper base alloy. In addition, if the Sn content 
of the copper base alloy increases, material costs are 
increased. Therefore, the Sn content of the copper base 
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alloy may be selected in the range of from 0.2 to 12.0 
wt%. If the copper base alloy is used as the material 
of a spring, the Sn content thereof is preferably in the 
range of from 0.3 to 8.0 wt%. If the Sn content is less 
5 than 0 . 2 wt% , the improvement of the strength of the copper 
base alloy due to the reinforcement of solid solution 
of Sn is insufficient, and if the Sn content exceeds 12.0 
wt%, delta and epsilon phases excessively deposit to 
deteriorate the coldworkabilityof the copper base alloy. 

10 If the copper base alloy contains one or more 

elements which are selected from 0.01 to 10.0 wt% of 
manganese (Mn) , 0.01 to 10.0 wt% of aluminum (Al), 0.01 
to 3.0 wt% of silicon (Si), 0.01 to 15.0 wt% of nickel 
(Ni), 0.01 to 5.0 wt% of iron (Fe), 0.01 to 5.0 wt% of 

15 chromium (Cr) , 0.01 to 2.5 wt% of cobalt (Co), 0.01 to 
3.0 wt% of titanium (Ti), 0.001 to 4.0 wt% of bismuth 
(Bi), 0.05 to 4.0 wt% of lead (Pb), 0.01 to 2.0 wt% of 
magnesium (Mg) , 0.01 to 0.5 wt% of phosphorus (P) , 0 . 0005 
to 0.5 wt% of boron (B), 0.01 to 0.1 wt% of calcium (Ca), 

20 0 . 01 to 0 . 1 wt% of yttrium (Y), 0.01 to 0.1 wt% of strontium 
(Sr) , 0.01 to 1.0 wt% of beryllium (Be) , 0.01 to 0.5 wt% 
of zirconium (Zr), 0.1 to 3.0 wt% of niobium (Nb) , 0.1 
to 3.0 wt% of vanadium (V), 0.1 to 3.0 wt% of hafnium 
(Hf ) , 0.1 to 3.0 wt% of molybdenum (Mo) and 0.1 to 3.0 

25 wt% of tantalum (Ta) , it is possible to improve the 
mechanical characteristics, such as 0.2% proof stress, 
strength and spring limit value, of the copper base alloy. 
It is also possible to improve the stress corrosion 
cracking resistance and stress relaxation resistance of 

30 the copper base alloy by using additional elements, such 
as Si, Ni and Mn . In addition, it is possible to improve 
the heat resistance, stress relaxation resistance and 
proof stress of the copper basealloyby adding Cr thereto, 
and it is possible to inhibit the production of hot cracks 

35 due to the scale down of cast structure by adding Mg, 
Fe, Cr, Si, Ca or P thereto. Moreover, it is possible 
to improve the free-cutting workability of the copper 
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base alloy by adding Pb or Bi thereto. 

If the amount of the above described additional 
elements is lower than the lower limit in the above 
described range, the advantageous effects can not be 
5 expected, and if it exceeds the above described range, 
the hot workability of the copper base alloy does not 
only deteriorate, but costs are also increased. 

The relationship between the contents of Sn, Zn 
and other additional elements will be described below. 

10 If Sn is added to a Cu-Zn alloy, it is possible to improve 
the stress relaxation resistance and stress corrosion 
cracking resistance of the Cu-Zn alloy. However, the 
difference between liquidus and solidus lines increases 
in the presence of both of Zn and Sn, and cracks are easily 

15 produced during hot working even in the presence of C. 
In order to obtain a good hot workability, the 
relationship expressed by the following formula (1) is 
preferably established between the Zn content X (wt%) 
and Sn content Y (wt%) of the alloy. 

20 

X + 5Y ^ 50 (1) 



If additional elements, such as Mn, Al, Si, Ni, 
Fe, Cr, Co, Ti, Bi, Pb, Mg, P, B, Ca, Y, Sr, Be, Zr, Nb, 

25 V, Hf, Mo and Ta, are added to the alloy, the hot 
workability thereof varies. In such a case, all of the 
following formulae (2), (3) and (4) are preferably 
satisfied between the Zn content X (wt%) , the Sn content 
Y (wt%) and the total amount Z (wt%) of other additional 

30 elements of the alloy. 



35 



X + 5Y + 4Z ^ 50 (2) 
X + 4Z ^ 50 (3) 
5Y + 4Z ^ 45 (4) 

If the amount of the additional elements exceeds 
the above described range, the melting/solidifying range 
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is widen during casting, so that cracks are easily 
produced during hot working even if the alloy is caused 
to contain C. 

The relationship between phases will be described 
below . Second phases other than alpha phase are produced 
in accordance with the combination of the above described 
additional elements. The second phases include Cu-Zn 
beta ( /3 ) , gamma ( y ) and epsilon ( e ) phases, and Cu-Sn 
beta ( j3 ) , epsilon ( a ) , eta ( 77 ) and delta ( 8 ) phases . 
There are also Ni-Si compounds obtained by adding both 
of Ni and Si, Ni-P compounds and Fe-P compounds obtained 
by adding both of Ni and Fe or P, and Fe 3 C and Sic obtained 
by adding both of C and Fe or Si. The simple substance 
of Cr, Ti, Bi or Pb forms a deposit . Such deposits formed 
by adding additional elements, e.g., deposits having a 
high melting point formed by adding Cr or Ti, Ni-Si 
compounds and Ni-P compounds, have the function of 
improving the stress relaxation resistance of a copper 
base alloy. Deposits formed by adding Bi or Pb have the 
function of improving the free-cutting workability of 
a copper base alloy. However, if the melting point of 
the second phases and the melting point of third phases 
in some cases are 800 °C or less, and if the volume 
percentage thereof is 20% or more, there are some cases 
where the second and third phases may melt to produce 
hot cracks during heating. Therefore, the volume 
percentage of phases having a low melting point of 800 °C 
or less other than alpha phase is preferably 20% or less. 

Impurities will be described below. The amount 
of S and Oof impurities is preferably as small as possible . 
Even if the copper base alloy contains a small amount 
of S, the def ormability of the material in hot rolling 
remarkably deteriorates. In particular, if an 

electrolytic copper is used as the material of a cast 
copper base alloy as it is, there are some cases where 
the alloy may contain S. However, if the amount of S 
is controlled, it is possible to prevent cracks from being 
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produced in hot rolling. In order to realize such 
advantageous effects, the amount of S must be 30 ppm or 
less, and is preferably in the range of from 15 ppm or 
less. In addition, if the alloy contains a large amount 
5 of 0, the alloy components, such as Sn, and elements, 
such as Mg, P, Al and B, which are added as deoxidizers, 
form oxides. Such oxides do not only deteriorate the 
hot workability of the alloy, but they may also 
deteriorate characteristics, such as plating adhesion, 

10 of the copper base alloy. Therefore, the O content of 
the alloy is preferably 50 ppm or less. 

A preferred embodiment of a method for producing 
a copper base alloy according to the present invention 
will be described below. 

15 First, a melting/casting step will be described. 

In a preferred embodiment of a method for producing a 
copper base alloy according to the present invention, 
the hot workability of the alloy is improved by causing 
the alloy to contain an appropriate amount of C. Since 

20 the degree of solid solution of C in Cu is small and since 
the specific gravity of C is smaller than that of Cu, 
it is difficult to obtain a copper base alloy containing 
a predetermined amount of C even if C is dissolved or 
dispersed in a molten copper base alloy as it is. In 

25 order to solve this problem, the inventors have diligently 
studied and found that it is possible to cause a copper 
base alloy to contain C by the following methods. 

As raw materials to be melted, materials, such 
as mills ends and punched scraps, which are produced 

30 during the production of materials and which have a large 
surface area, may be used. Such mills ends and punched 
scraps contain oil contents, such as slit oils and 
punching oils, and carbon (C) , such as soot and fibers, 
absorbed onto the surface. Therefore, it is possible 

35 to introduce C into the molten metal during melting . The 
mills ends include slit scraps and undesired portions 
of coils at the front and rear ends thereof. If mills 
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ends, which are casting materials for Cu and Zn, and C 
in punched scraps are thus utilized, C having a small 
degree of solid solution in Cu can be dispersed in the 
molten metal . In addition, since scraps can be utilized 
as casting materials, costs can be decreased. 

As a raw material to be used, a larger amount of 
a copper base alloy having a liquidus line temperature 
of 1050 °C or less is preferably used. For example, such 
a copper base alloy corresponds to a copper base alloy 
containing 20 wt% or more of Zn in the case of a copper 
base alloy containing a large amount of Zn, and 
corresponds to a copper base alloy containing 6 wt% or 
more of Sn in the case of a copper base alloy containing 
Sn. It is considered that the reasons for this are that 
the melting time decreases i f the melting point decreases, 
that it is possible to decrease the amount of C lost during 
the melting operation if the melting point decreases and 
that component elements can form oxide films on the 
surface of the molten metal during melting to prevent 
C from being lost. If the copper base alloy contains 
Zn and Sn and if the material having a melting point of 
1000 °C or less is used as the raw material, it is possible 
to obtain more advantageous effects . The amount of such 
a raw material having a low melting point is preferably 
20 % or more with respect to the weight of the molten 
metal. Because such advantageous effects can not be 
sufficiently obtained if it is 20 % or less. 

If mills ends and punched scraps of materials which 
are surface-treated with Sn, such as materials plated 
with Sn, are used, it is possible to more effectively 
cause C to remain. It is considered that the reasons 
for this are that the amount of oil contents remaining 
on the surface increases by using materials 
surface-treated with Sn, that it is possible to utilize 
C contained in an Sn plating and an underlying Cu plating, 
and that Sn is first melted at the melting step to enhance 
the stability of C absorbed onto the surface. Moreover, 
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it is possible to reduce raw material costs for Sn and 
the cost of peeling the Sn plating. 

In order to cause the copper base alloy to contain 
C or in order to increase the C content in the copper 
base alloy, it is possible to effectively use an alloy 
producing a compound of C with C, such as Fe-C, and a 
mother alloy of a metal in which C is solid-dissolved 
in a high degree . However, the amount of C must be within 
the above described component range. It is also 
important to sufficiently agitate the molten metal to 
cause C to disperse therein. 

Moreover, even if the molten metal is caused to 
contain C as described above, C may be lost in the 
dioxidation process since C has a deoxidizing function. 
As methods for preventing the loss of C which is 
solid-dissolved or dispersed in the molten metal, there 
are the following methods. 

First, there is a method for coating the surface 
of a crucible or distributor during mel ting/casting, with 
a solid material containing 70 wt% or more of C, such 
as charcoal or C powder. If this method is used, it is 
possible to decrease the oxidation lossofC. In addition, 
it is possible to expect an advantage in that the molten 
metal is caused to contain C by the reaction of the molten 
metal with the solid material which contains 70 wt% or 
more of C and which is utilized for coating the surface. 
Moreover, there is an advantage in that it is possible 
to inhibit the production of oxides of additional elements , 
such as Sn, due to oxidation of the molten metal. 
Similarly, there can be effectively used a method for 
using a crucible for melting, a crucible for holding 
before casting after melting, and a crucible containing 
70 wt% or more of C as a die. 

There is also a method for utilizing a solid 
deoxidizer having a stronger affinity with O than C. 
Specifically, there is a method for adding at least one 
of B, Ca, Y, P, Al, Si, Mg, Sr, Mn, Be and Zr to the molten 
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metal . These solid deoxidizers can more preferentially 
react with 0 in the molten metal than the reaction of 
C with 0 to inhibit the decrease of the amount of C in 
the molten metal . These solid deoxidizers and component 
elements can produce compounds to cause the grain refining 
effect in the ingot during casting. 

Specifically, the produced compounds include 
oxides, carbides and sulfides, such as B-0, B-C, Ca-S, 
Ca-O, Mg-O, Si-C, Si-0 and Al-0 compounds. These 
compounds are finely dispersed in the molten metal to 
act as a nucleation cite during solidification to cause 
the scale down of the cast structure and the uniform grain 
boundary. 

The amount of the deoxidizing element to be added 
to the molten metal is preferably 0.005 % or more and 
0.5 % or less with respect to the weight of the molten 
metal . Because itisnotpossibleto sufficiently obtain 
advantageous effects if it is less than 0.005 % and it 
is not economical if it exceeds 0.5 %. This amount to 
be added is the weight of the element to be added, not 
the amount of the component remaining in the alloy. 
Naturally, the amount of the component contained in the 
alloy is smaller than the amount of the element to be 
added, by the loss due to oxidation and so forth. 

Although the above described methods for causing 
the molten metal to contain C and for preventing oxidation 
of the molten metal may be separately used, there are 
more advantageous effects if these method are combined. 

Examples of copper base alloys and methods for 
producing the same according to the present invention 
will be described below in detail. 
Examples 1-8 and Comparative Examples 1-4 

Raw materials of each copper base alloy having 
chemical components shown in Table 1 were put in a crucible 
of silica (Si0 2 ) as a main component to be heated to 1100 °C 
to be held for 30 minutes while the surface of a molten 
metal thus obtained was covered with C powder. 
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Thereafter, an ingot having a size of 30 mm x 70 mm x 
1000 mm was cast by means of a vertical small continuous 
casting machine. As the raw materials of each copper 
base alloy, Sn plated scraps of JISC 2600 (Cu-30Zn) were 
used at weight percentages shown in Table 1, and oxygen 
free copper (JISC 1020) , Zn bullion and Sn bullion were 
used as other rawmaterials for adjusting the components . 
In addition, B, Mg and Si used as deoxidizers were added 
by melting Cu-B, Cu-Mg and Cu-Si mother alloys with the 
raw materials. Moreover, Cr and Ni were added by 
utilizing Cu-Cr mother alloy and Ni bullion. 
Furthermore, in Comparative Example 4, scraps of 
commercially available oxygen free copper were used, and 
the balance was adjusted so as to contain predetermined 
amounts of Zn and Sn. 

Thereafter, each ingot was heated at a temperature 
of 820 to 850 °C in an atmosphere of a mixture of hydrogen 
and nitrogen in the ratio of one to one . Then, hot rolling 
was carried out so that the ingot has a thickness of 5 
mm. The hot workability of each of the hot-rolled test 
pieces was evaluated on the basis of the presence of cracks 
on the surface and edges thereof. In this evaluation, 
the hot workability was evaluated as "good" when no cracks 
were observed, and as "bad" when cracks were observed, 
by a 24-power stereoscopic microscope after pickling the 
surface. The results of evaluation of the hot 
workability are shown in Table 2. 

With respect to the analysis of chemical 
components shown in Table 1, for analyzing samples cut 
out from the central portion of each of the hot-rolled 
test pieces in lateral directions, the analysis of C and 
S was carried out by means of a carbon/sulfur trace 
analyzer (EMIA-U510 produced by Horiba Co . , Ltd.), and 
the analysis of other elements was carried out by means 
of an ICP-mass spectrometer (AGILENT 7500i produced by 
HP company) . In Table 1, "-" was given when the amount 
of C and S was 10 ppm or less, and "-" was given when 



18 



elements shown by "others" are not added. 











Table 


1 


Weight 
Percentage 






Zn 


Sn 


C 


S 


of Plating 






(wt%) 


(wt%) 


(ppm) 


(ppm) 


others Scrap 


Ex.1 




25.2 


0 . 91 


90 




20 


Ex.2 




25.3 


0 . 72 


440 




50 


Ex . 3 




24 . 8 


0 . 73 


200 


_ 


B:10ppm 2 0 


Ex . 4 




25.1 


1 . 12 


250 





B:10ppm 50 


Ex . 5 




25. 1 


0 . 79 


160 


20 


Mg:0.1wt% 50 


Ex . 6 




25.0 


0 . 61 


80 




Si:0.2wt% 50 


Ex.7 




23.8 


0 . 88 


200 


15 


Ni:0.3wt% 4 0 


Ex . 8 




21 . 3 


1 . 52 


90 




30 


Comp . 


1 


23 . 8 


0 . 85 






0 


Comp . 


2 


24 . 9 


0.72 


15 




10 


Comp . 


3 


24 . 1 


0.81 


15 




Cr:0.1wt% 0 


Comp . 


4 


24 . 9 


0.76 




15 


0 



20 

Table 2 
Hot Rolling Test Results 



Example 1 good 

25 Example 2 good 

Example 3 good 

Example 4 good 

Example 5 good 

Example 6 good 

30 Example 7 good 

Example 8 good 

Comparative Example 1 bad 

Comparative Example 2 bad 

Comparative Example 3 bad 

35 Comparative Example 4 bad 



As shown in Table 2, no cracks were observed when 
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the copper base alloys in Examples 1-8 were hot-rolled, 
so that it was found that the copper base alloys in Examples 
1-8 have an excellent hot workability. In Comparative 
Examples 1-4 wherein the amount of C was small, a plurality 
5 of cracks extending in directions perpendicular to the 
rolling direction were produced by hot rolling. The 
portions having cracks were observed by an optical 
microscope after being etched. As a result, it was 
verified that the cracks was intercrystalline cracks 

10 since the cracks extended along the grain boundary. 

Comparing Examples 1-8 with Comparative Examples 
1-4 , it can be seen that it is possible to cause the copper 
base alloy to contain C by melting and casting in a method 
for producing a copper base alloy according to the present 

15 invention. 

[Examples 9, 10 and Comparative Example 5] 

In order to verify the influence of C on the hot 
workability on larger scale conditions, 15000 kg of each 
copper base alloy of chemical components shown in Table 

20 3 was melted in a crucible mainly formed of silica. From 
each copper base alloy, four ingots having a size of 180 
mm x 500 mm x 3600 mm were obtained by means of a vertical 
continuous casting machine. In this casting, there was 
used a copper mold which sufficiently wore off by casting 

25 a Cu-Zn alloy, such as JIS C2600 or JIS C2801, 5000 times 
or more while repeatedly polishing the surface of the 
mold . 



30 

Zn (wt%) 
Ex.9 25.1 
Ex.10 24.8 
Comp.5 2 4.9 



Table 3 

Sn (wt%) C (ppm) 

0.82 230 

0.73 90 
0.76 



S (ppm) O (ppm) 
30 
20 

10 20 



With respect to the copper base alloys in Examples 
9 and 10, Sn plated scraps of JIS C2600 having oils on 
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the surface thereof were used as main raw materials . When 
the copper base alloys in Examples 9 and 10 were cast, 
the surface of the crucible and the surface of the turn 
dish were covered with charcoal and carbon powder with 
respect to the surface of the molt en metal during melt ing 
and casting. On other hand, in the copper base alloy 
in Comparative Example 5, scraps of JIS C1020 and C1100 
having a C content of 10 ppm or less were used as the 
raw materials of Cu, and were cast while the molten metal 
was coveredwith carbonpowder dur ingmel t ing and casting. 
Therefore, in the copper base alloy in Comparative Example 
5, only the surface of the molten metal contacted C. 

Thereafter, the ingot was held at 870 °C for two 
hours, and then, the ingot was hot-rolled to obtain a 
hot rolled material having a thickness of 10.3 mm. The 
surface of the hot rolled material was observed in this 
process. As a result, the surface of the hot rolled 
material was evaluated as "good" when no cracks were 
observed in all of four coils, and as "bad" when cracks 
were observed. The results of evaluation of the hot 
workability are shown in Table 4. 

Components were controlled and analyzed in the 
same manner as that in Example 1. Oxygen was analyzed 
by means of an oxygen/nitrogen simultaneous analyzer 
(TC-436 produced by LECO Company) . 



Table 4 



Hot Rolling Test Results 
Example 9 good 
Example 10 good 
Comparative Example 5 bad 



With respect to each of Examples 9, 10 and 
Comparative Example 5, a good ingot having no surface 
defects was obtained during casting. When the surface 
of the ingot was observed, there was no different between 
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Examples 9, 10 and Comparative Example 5. 

As shown inTable 4, it was verified that the copper 
base alloys in Examples 9 and 10 containing 230 ppm and 
90 ppm of C, respectively, have no cracks during casting 
5 and hot rolling, and have an excellent hot workability. 
In Comparative Example 5 wherein the hot rolling was 
carried out on the same conditions, a plurality of cracks 
were observed during hot rolling. 

Thus, the copper base alloys in Examples 9 and 

10 10 have an excellent hot workability to be capable of 
inhibiting the occurrence of cracks during hot rolling, 
so that it is possible to obtain products in good yield. 

It can be seen that the method in Examples 9 and 
10 can cast the copper base alloy while C exists in the 

15 ingot. After C in the front and rear ends of the ingot 
was analyzed, there was a small difference therebetween. 
[Example 11, Comparative Examples 6 and 7] 

In Example 11, in order to verify characteristics 
of materials of rods/bars produced as described above, 

20 the same base alloy as that in Example 10 was repeatedly 
cold-rolled and annealed to obtain a cold rolled material 
having a thickness of 1mm and a grain size of about 10 
^m. Then, the cold rolled material thus obtained was 
rolled so as to have a thickness of 0.25 mm, and 

25 low-temperature annealed at a temperature of 230 °C at 
the final step. From a rod/bar thus obtained, a test 
piece was obtained. 

With respect to the rod/bar thus obtained, 0.2% 
proof stress, tensile strength, Young's modulus, 

30 conductivity, stress relaxation rate and stress 
corrosion cracking life were measured. The 0.2% proof 
stress, tensile strength and Young's modulus were 
measured in accordance with JIS-Z-2241, and the 
conductivity was measured in accordance with JIS-H- 0 505 . 

35 The stress relaxation test was carried out in directions 
parallel to the rolling direction, by applying a bending 
stress, which was 80%of 0.2% proof stress, to the surface 
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of the sample, holding the sample at 150 °C for 500 hours, 
and measuring a bending habit. The stress relaxation 
rate was calculated by the following formula: 

Stress Relaxation Rate (%) = [ (Li-L 2 ) / (L3-L0) ] x 100 

wherein L 0 is the length (mm) of a tool, Li being the 
length (mm) of a sample at the beginning, L 2 being the 
horizontal distance (mm) between ends of the sample after 
treatment . 

The stress corrosion cracking test was carried 
out in directions parallel to the rolling direction, by 
applying a bending stress, which was 80% of 0.2% proof 
stress, and holding the sample in a desiccator including 
12.5% aqueous ammonia . Each exposure time was 1 0 minutes , 
and the test was carried out for 150 minutes. After 
exposure, the sample piece was taken out every exposure 
time. Then, the sample was pickled to remove a film 
therefrom if necessary, and cracks in the sample were 
observed by means of an optical microscope at a magnifying 
power of 100. The stress corrosion cracking life was 
set to be ten minutes before the verification of cracks. 

As comparative examples, a copper base alloy 

(Comparative Example 6) obtained by cold-rolling and 
annealing a copper base alloy containing the same 
components as those in Comparative Example 5, in the same 
manner as that in Example 11, and an SH (H08) material 

(Comparative Example 7 ) having the highest strength among 
commercially available brasses (C2600), were used for 
carrying out the same test as that in Example 11. The 
results of these tests are shown in Table 5. 
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Table 5 



Ex. 11 Comp. 6 Comp . 7 

Modulus of L.D. 109 109 112 

Longitudinal T.D. 116 118 119 
Elasticity 



Tensile 

Strength 

(N/mm 2 ) 

0.2% Proof 
Stress 

Conductivity 
(%LACS) 



L.D. 821 
T.D. 931 



L.D. 856 
T.D. 819 

24 . 8 



818 672 
930 791 



850 641 
820 715 

25.4 27.2 



Stress Relaxation 
Rate (%) 



15.4 



18.2 



49.2 



Stress Corrosion 120 100 20 

Cracking Life (min) 



note : 

L.D.: Direction Parallel to Rolling Direction 
T.D.: Direction Perpendicular to Rolling Direction 

From the results shown in Table 5, it can be seen 
that the copper base alloy in Example 1 1 has more excellent 
stress corrosion cracking resistance and stress 
relaxation resistance than those of Cu-Zn-Sn alloys since 
it contains C. In can be also seen that the copper base 
alloy in Example 11 has excellent mechanical 
characteristics and conductivity, and is most suitable 
for the material of connectors. 

As described above, a copper base alloy according 
to the present invention has an excellent hot workability, 
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and a method for producing a copper base alloy according 
to the present invention can easily obtain a copper base 
alloy in good yield by causing the copper base alloy to 
contain a very small amount of Moreover, if a copper 
base alloy according to the present invention is used 
as the material of electric/electronic parts, such as 
terminals and connectors, and springs, it is possible 
to inexpensively produce parts having excellent spring 
characteristics . 

While the present invention has been disclosed 
in terms of the preferred embodiment in order to 
facilitate better understanding thereof, it should be 
appreciated that the invention can be embodied in various 
ways without departing from the principle of the invention . 
Therefore, the invention should be understood to include 
all possible embodiments and modification to the shown 
embodiments which can be embodied without departing from 
the principle of the invention as set forth in the appended 
claims . 



